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Abstract 

Background: Recent findings suggest that the intake of specific nutrients during the critical period in early life 
influence cognitive and behavioural development profoundly. Antioxidants such as vitamin E have been postulated 
to be pivotal in this process, as vitamin E is able to protect the growing brain from oxidative stress. Currently 
tocotrienols are gaining much attention due to their potent antioxidant and neuroprotective properties. It is thus 
compelling to look at the effects of prenatal and early postnatal tocotrienols supplementation, on cognition and 
behavioural development among offsprings of individual supplemented with tocotrienols. Therefore, this study is 
aimed to investigate potential prenatal and early postnatal influence of Tocotrienol-Rich Fraction (TRF) 
supplementation on cognitive function development in male offspring rats. Eight-week-old adult female Sprague 
Dawley (SD) rats were randomly assigned into five groups of two animals each. The animals were fed either with 
the base diet as control (CTRL), base diet plus vehicle (VHCL), base diet plus docosahexanoic acid (DHA), base diet 
plus Tocotrienol-Rich fraction (TRF), and base diet plus both docosahexaenoic acid, and tocotrienol rich fraction 
(DTRF) diets for 2 weeks prior to mating. The females (FO generation) were maintained on their respective 
treatment diets throughout the gestation and lactation periods. Pups (F1 generation) derived from these dams 
were raised with their dams from birth till four weeks post natal. The male pups were weaned at 8 weeks postnatal, 
after which they were grouped into five groups of 10 animals each, and fed with the same diets as their dams for 
another eight weeks. Learning and behavioural experiments were conducted only in male off-spring rats using the 
Morris water maze.Eight-week-old adult female Sprague Dawley (SD) rats were randomly assigned into five groups 
of two animals each. The animals were fed either with the base diet as control (CTRL), base diet plus vehicle (VHCL), 
base diet plus docosahexanoic acid (DHA), base diet plus Tocotrienol-Rich fraction (TRF), and base diet plus both 
docosahexaenoic acid, and tocotrienol rich fraction (DTRF) diets for 2 weeks prior to mating. The females (FO 
generation) were maintained on their respective treatment diets throughout the gestation and lactation periods. 
Pups (F1 generation) derived from these dams were raised with their dams from birth till four weeks post natal. The 
male pups were weaned at 8 weeks postnatal, after which they were grouped into five groups of 10 animals each, 
and fed with the same diets as their dams for another eight weeks. Learning and behavioural experiments were 
conducted only in male off-spring rats using the Morris water maze. 
(Continued on next page) 
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Results: Results showed that prenatal and postnatal TRF supplementation increased the brain (4-6 fold increase) 
and plasma a-tocotrienol (0.8 fold increase) levels in male off-springs. There is also notably better cognitive 
performance based on the Morris water maze test among these male off-springs. 

Conclusion: Based on these results, it is concluded that prenatal and postnatal TRF supplementation improved 
cognitive function development in male progeny rats. 

Keywords: Tocotrienol-rich fraction, Cognitive function, Spatial learning, Brain 



Background 

Vitamin E is a lipid soluble natural antioxidant. Tocoph- 
erols and tocotrienols are the two major families that 
made up vitamin E. The tocotrienols are the major form 
of vitamin E found in palm oil, at a typical ratio of 30% 
tocopherols to 70% tocotrienols. Tocotrienols are similar 
to tocopherols except that they have an isoprenoid tail 
with three unsaturation points instead of a saturated 
phytyl tail. The presence of this unsaturated side chain 
allows tocotrienols to penetrate into tissues with satu- 
rated fatty layers in the cell membrane of brain and liver 
efficiently [1]. This enables tocotrienols to have far 
reaching and efficient free radical scavenging properties 
compared to tocopherols. It is therefore not surprising 
that the accumulation of tocotrienols in tissues is associ- 
ated with a range of health benefits. Studies have shown 
that apart from their potent antioxidant properties [2], 
tocotrienols are cardioprotective [3], hypocholesterolemic 
[4], anti-cancerous [5] and neuroprotective [6]. Apart from 
its antioxidant properties, the latter properties are re- 
motely associated with tocopherols, and thus unique to 
tocotrienols even though both are important members of 
the vitamin E family. Tocotrienols are also a nutrient and 
have recently been certified as GRAS (generally regarded 
as safe) by the US FDA GRN 307 as of April 2010 [7]. 

Cognition refers to the mental processes that are involved 
in memory and learning [8]. Various factors such as nutri- 
tion, environment and genetics have strong influence on 
memory and learning. Nutrition affects cognition and men- 
tal health as the brain structure and function are dependent 
on nutritional inputs [9]. Various dietary factors such n-3 
fatty acids, antioxidants, vitamins, minerals, curcumins and 
flavonoids among others have been identified to have bene- 
ficial effects on cognition [10]. These dietary factors affect 
multiple brain processes involving neurotransmitter path- 
ways, synaptic transmission, membrane fluidity and signal 
transduction pathways that are associated with synaptic 
plasticity [10]. In contrast, diets rich in saturated and trans 
fats are known to affect cognition adversely. This is typically 
attributed to the role of trans and saturated fats in reducing 
the synaptic plasticity mediated by the hippocampal brain- 
derived neurotrophic factor (BDNF) [11]. 

The brain develops rapidly during the last trimester of 
fetal life (prenatal) and within the first two years (postnatal) 



of childhood in humans [12], During this period, the intake 
of n-3 and n-6 long chain polyunsaturated fatty acids 
(LCPUFAs), particularly docosahexanoic acid (DHA), ei- 
cosapentaenoic acid (EPA) and arachidonic acid (AA), have 
been proven to be beneficial for the development of sen- 
sory, cognitive and neuromotor systems in human and ani- 
mal [13]. Many other nutrients such as antioxidant 
compounds may also fill this role as they are able to pro- 
tect the vulnerable brain cells from lipid peroxidation [14], 
An optimal supply of antioxidants such as vitamin E is 
thought to be beneficial to the cognitive development in 
infants. Indeed, optimal supplementation of a specific nu- 
trient during early life could influence or program' long- 
term cognitive development, as well as development of 
major diseases well into adulthood [15]. 

An accumulation of tocotrienols in the brain is needed 
to protect the vulnerable neurons from oxidative stress, 
and to enhance the existing neuronal function as well as 
neuronal remodelling. Long-term oral supplementation 
was reported to be effective in delivering tocotrienols to 
vital organs via tocopherol transfer protein (TTP) inde- 
pendent delivery systems [16]. Delivery is also observed to 
be more pronounced in the fetal brain when pregnant rats 
are fed with tocotrienols [17]. Previous animal studies on 
the effects of tocotrienols on cognition are mostly focused 
on the role of tocotrienols in improving or preventing cog- 
nitive impairments associated with diabetes [18], alcohol- 
ism [19], oxidative stress [20] and aging [21]. Apart from 
the positive health benefits observed during adulthood, we 
postulated that prenatal and early postnatal tocotrienol 
supplementation could elicit some degree of protective ef- 
fects against lipid peroxidative damage in the fetal brain. 
This would therefore resulted in brain development favor- 
able to the development of healthy mental cognitive func- 
tions. Thus, it is the aim of this study to investigate the 
potential prenatal and early postnatal effects of TRF sup- 
plementation on cognitive function development among 
male progenies, born from dams supplemented with TRF. 

Results 

Plasma vitamin E content 

The plasma tocopherol and tocotrienol levels in 
the male offsprings reflected their respective dietary sup- 
plementation levels (Figure 1). a-Tocotrienol and a- 
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Figure 1 Vitamin E levels in the plasman of male offspring rats accross treatment groups. A) Tocotrienol B) a-tocopherol. Values are 
means ± SD, n = 1 0. Significantly different from the control group, *P < 0.001 and **P < 0.05. 



tocopherol were the major vitamin E fraction found in 
plasma followed by y- and 5-tocotrienol. However, the 
tocotrienol levels were very much lower than the toc- 
opherol levels in plasma. The levels of a-, y-and 5- 
tocotrienol were found to have increased among the 
TRF and DTRF supplemented animals compared to the 
control animals. It was also noted that the level of |3- 
tocotrienol fraction was negligible and was no different 
among the TRF and DTRF supplemented rats. Con- 
versely, the a-tocopherol level was elevated in TRF and 
DTRF supplemented rats. The levels of other tocopherol 
fractions were mostly negligible. 

Vitamin E content in the brain 

a-Tocotrienol and a-tocopherol were the major vitamin 
E fractions found in the brain (Figure 2). Other vitamin 
E fractions were not detected. This indicated that the a- 
tocotrienol and a-tocopherol fractions selectively taken 
up by the brain tissue, a-tocopherol levels were no dif- 
ferent in almost all groups, with the exception of an in- 
creased noted among the DTRF supplemented animals. 
The a-tocotrienol levels were increased among the TRF 
and DTRF supplemented animals. 

Effects of TRF supplementation on Morris water maze 

performance 

Acquisition trial 

The effects of DHA, TRF and DTRF supplementation on 
spatial learning as evaluated using the Morris water 
maze test is depicted in Figure 3. There was a significant 



improvement in mean escape latency over a 5-day 
period (P < 0.05). This indicated that all rats learned 
the spatial task during the training trials. It is evident 
that animals supplemented with DHA and TRF demon- 
strated significantly better escape latency after day 3 
(P < 0.05), indicating that they had learnt the position of 
the escape platform much more rapidly compared to the 
other groups after day 3. Those fed with DTRF were 
only able to achieve the same feat on day 5. These differ- 
ences were not attributed to swimming speeds as all 
groups had similar swimming speeds (Figure 4). There 
were no differences in terms of path efficiency across 
groups even though path efficiency seemed to be im- 
proving with day. Similar development was also noted 
for distance travelled (Figure 5). It was noted that the 
control animals took significantly longer path (P < 0.05) 
to locate the platform on the first day. However, no dif- 
ference was detected across groups from day 2 onwards. 

It is interesting to note that DHA supplemented animals 
spent significantly more time in the quadrant where the 
escape platform was formerly placed in comparison to ei- 
ther vehicle treated or control animals (P < 0.01) during 
the memory retention testing procedure (Figure 6). This 
possibly indicates that the DHA supplemented animals re- 
membered the prior location of the escape platform much 
better as compared to other groups. Other parameters or 
indices for probe trial such as number of entries, number 
of lines crossing, as well as the average duration in the 
area where the platform was located during training, were 
no different across treatment groups. 
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Figure 2 Brain a- tocotrienol and a-tocopherols contents across treatment groups. Values are means + SD (n = 10). Significantly different 
from the control group, *P < 0.001, **P < 0.01 and ***P < 0.05. 



Reversal trial 

Figure 7 depicts the results of the reversal test in which 
the platform was placed on the opposite side of 
the quadrant. The reversal test evaluated memory plasti- 
city and re-learning abilities. Results showed that the es- 
cape latencies of all groups gradually declined over 



5 days. However, significant differences between treat- 
ment groups was seen only on day 3 (P = 0. 03), day 4 
(P = 0. 003) and day 5 (P < 0.001). DHA-supplemented 
group recorded a shorter escape latency on day 3 and 
day 4 (P < 0.05) compared to the control group. By day 
5, in addition to the DHA group, both TRF and DTRF 
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Figure 3 Effects of Tocotrienol-Rich Fraction (TRF) supplementation on escape latencies across treatment groups throughout the 5 day 
acquisition phase. Data expressed as mean ± SD (n = 10). **P < 0.01 and ***P < 0.05 denotes significant difference from the control group. 
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Figure 5 Effects of Tocotrienol-Rich Fraction (TRF) supplementation on distance travelled across treatment groups throughout the 
5 day acquisition phase. Data expressed as mean ± SD (n = 10).* P < 0.001 **P < 0.01 and ***P < 0.05 denotes significant difference from the 
control group. 
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Figure 6 Acquisition probe trial results across treatment groups. Data are shown as means ± SD (n = 10). Time spent (sec), time spent in the 
SW quadrant, where the platform was positioned during acquisition trial; # entries, number of entries into the SW quadrant; # line crossing, 
number of crossing of the platform position; Average duration SW quadrant (sec), average duration spent in the SW quadrant. Significantly 
different from the control group, **P < 0.05. 
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Figure 7 Effects of Tocotrienol-Rich Fraction (TRF) supplementation on escape latencies across treatment groups throughout the 5 day 
reversal phase. Data expressed as mean ± SD (n = 10). *P < 0.001, **P < 0.01 and ***P < 0.05 denotes significant difference from the control group. 
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groups (P < 0.05) also logged a shorter escape latency 
compared to the control group. Collectively, these re- 
sults showed that the rate of acquisition improved on 
day 5 in the reversal trial. The results also showed that 
rats from all treatment groups logged similar distances 
to arrive at the escape platform during the reversal trial 
on days 1 and 2. However, the differences were only 
observed on day 3 (P = 0. 02), day 4 (P = 0. 04) and day 
5 (P < 0.001). TRF, DHA and DTRF supplemented ani- 
mals swam significantly shorter distance compared to 
control animals on day 3 (P < 0.05) and day 5 (P < 0.01) 
(Figure 8). However, no differences were found on day 4. 
However swimming speeds did not differ across treat- 
ment groups. The reversal probe trial (Figure 9) also 
indicated that all supplemented animals had quadrant 
preference, all supplemented groups spent more time 
in NE quadrant formerly containing the platform 
compared to control animals. 

Discussion 

The aim of the present study is to examine the possible 
prenatal and early postnatal effects of TRF supplementa- 
tion on the cognitive function development of male 
progenies from dams supplemented with TRF. In gen- 
eral, the results demonstrated that the long-term TRF 
supplementation regime during the prenatal and postna- 
tal period resulted in higher brain a-tocotrienol levels 



10 

9 
8 
7 



S 5 
a 

"75 

£ 4 

3 
2 
1 



among the male off-springs. This also corresponded to 
significantly better cognitive performance among these 
rats in the Morris water maze test. 

The level of tocopherol and tocotrienol enrichment in 
the plasma and brain of male offspring rats reflected the 
level of TRF supplementation among these study sub- 
jects, a-tocopherol was the major tocopherol fraction 
found in plasma as TTP facilitated a-tocopherol concen- 
trations in plasma and extra-hepatic tissues [22]. The 
lower plasma tocotrienols level in comparison to that of 
tocopherols could be attributed to the lower binding af- 
finity of tocotrienols to TTP compared to tocopherols 
[23]. In fact, tocotrienols have about 8.5 times less affin- 
ity to TTP compared to tocopherols [23]. Our present 
observation of the level of vitamin E in the brain is in 
line with previous studies [6,18]. In fact, it was also 
reported that tocotrienol uptake is higher in the fetal 
brain compared to the dams [17]. However, the actual 
role of TTP in tocotrienol transport remained to be 
investigated as it was not clear whether the delivery of 
tocotrienols to the vital organs is also TTP-dependent. It 
was reported that the TTP-deficient mice fed with 
tocopherol were infertile due to tocopherol deficiency. 
In contrast tocotrienol fed TTP-deficient mice were fer- 
tile, suggesting that tocotrienol was successfully deli- 
vered to the relevant organs even in the absence of TTP. 
Further accumulation of a-tocotrienol also observed in 
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Figure 8 Effects of Tocotrienol-Rich Fraction (TRF) supplementation on distance travelled across treatment groups throughout the 
5 day reversal phase. Data expressed as mean ± SD (n = 10). **P < 0.01 and ***P < 0.05 denotes significant difference from the control group. 



Nagapan et al. BMC Neuroscience 2013, 14:77 
http://www.biomedcentral.com/1471-2202/14/77 



Page 8 of 13 



□ CTRL 



□ VHCL 



□ DTRF 




p<0.01 



time spend (sec) 



U entries 



U line crossing 



Average duration 



Figure 9 Reverse probe trial results across treatment groups. Data are shown as means ± SD (n = 10). Time spent (sec), time spent in the SW 
quadrant, where the platform was positioned during acquisition trial; # entries, number of entries into the SW quadrant; # line crossing, number 
of crossing of the platform position; Average duration SW quadrant (sec), average duration spent in the SW quadrant. Significantly different from 
the control group, *P < 0.001 and **P < 0.01 . 



vital organs in TTP deficient mice supplemented with 
tocotrienol indicates that the tocotrienol delivery is 
TTP-independent [16]. 

The cognitive parameters of TRF supplemented ani- 
mals from the current study were comparable to that of 
the DHA-treated group which was a positive control for 
this experiment. DHA is a long chain polyunsaturated 
fatty acids (LCPUFA) known for its beneficial effects on 
cognition in human infants [24] and in aged individuals 
[25]. The fact that all supplemented (TRF, DHA and 
DTRF) animals demonstrated improvement in spatial 
learning over a 5 day period indicates that the ability 
to learn improves with dietary supplementation as 
employed in this study. In fact our results are in agree- 
ment with a recent report on the positive effects of TRF 
supplementation on spatial learning and memory in 
11 -month old Wistar rats [21]. Previous studies have 
also shown that TRF supplementation prevented cogni- 
tive impairment associated with diabetes [18], chronic 
alcohol consumption [19] and intra- cerebro ventricular 
streptozotocin-induced oxidative stress [20]. These stud- 
ies showed that tocotrienol exerted a protective effect 
against oxidative damage in rat brain. Brain damage by 
free radicals may induce cognitive deficit via dysfunction 
in neurotransmission. The memory enhancing effects 
shown by TRF from palm oil in the present study could 
be at least in part, due to its antioxidant properties. 



Neuronal oxidative damage by reactive oxygen species 
(ROS) has been implicated in various neurodegenerative 
disorders such as Alzheimer's disease (AD), Parkinsons 
disease and dementia. Increased oxidative stress in 
the brain often leads to increased lipid peroxidation 
markers, protein oxidation, DNA and RNA damage [26]. 
In fact, oxidative damage to rat synapses have been 
proven to result in cognitive deficits [27]. Thus the 
protective effects of tocotrienols against peroxidative 
damage in the brain could be the main explanation 
for the improved cognitive performance seen in the 
current experiment. To lend further support to this fact, 
tocotrienols have also been known to exert a protective 
effect against oxidative damage in diabetes [28] and rat 
brain mitochondria [29], and thus the associated im- 
provement in cognitive functions. 

Our data showed shorter escape latency with TRF sup- 
plementation and these differences were not due to 
swimming speed as no group differences were observed 
in this measure. The TRF and DHA supplemented 
groups had equivalent swimming speed during the Mor- 
ris water maze acquisition phase; we concluded that the 
groups were equally competent in physical ability and 
motor function to perform the trial. Prior to the Morris 
water maze test, all animals were also examined and 
verified to be free from physical disabilities that would 
affect their maze performance. Our current results also 
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showed that TRF supplemented animals had better 
memory retention compared to DHA supplemented ani- 
mals. This is evident in the performance of TRF 
supplemented animals during the probe trial TRF 
supplemented animals exhibited better relearning ability 
in learning the new platform location during the reversal 
phase. During the reversal trial, it was observed that the 
TRF treated animals returned efficiently to the last 
known position of the escape platform, before starting to 
re-learn their way to the new location of the escape plat- 
form. This is further proof that TRF supplementation 
did not result in learning deficit, instead exhibiting bet- 
ter interpretation in the general mechanisms of acquir- 
ing, encoding or storage. These findings clearly indicate 
that spatial acquisition and reversal memory perfor- 
mances are improved with pre and post-natal TRF sup- 
plementation, possibly through mechanisms related to 
the improvement of hippocampal long term potentiation 
(LTP). The present evidence also suggests that early 
loads of TRF may promote long lasting learning ability 
in the adult progeny by influencing brain developmental 
process. The current study depended solely on the 
Morris water maze test to assess the behavioural, spatial 
learning and memory performance of the study subjects, 
similar to that reported an earlier study [30]. This is 
mainly because maze tests that require feed restriction 
such as radial arm maze would potentially result in dis- 
ruption to the breeding performance of the FO dams, 
and litter size for subsequent experiments employing 
male progenies. However, performing additional tests 
using other mazes would definitely add credence to the 
results [31]. 

Only male progenies were used in this study, as previ- 
ous reports stated that male mice [32,33] and rats [34] 
performed better and yielded consistent results com- 
pared to female rats. The sex differences in memory and 
learning performance is known to be strongly influenced 
by sex hormones. Testosterone present in males has lit- 
tle effect on sex-differences memory and learning per- 
formance. However, the female hormone estrogen does 
play a role. The difference in performance between male 
and female was greater when females begin training in 
pro-oestrus cycle when oestrogen levels were high [35]. 
The structure of hippocampus has been shown to 
undergo structural changes with more dendritic spines 
at pro-oestrus phase when there are high levels of 
oestrogen. This suggests that the structural changes in 
the brain may rely on gonadal hormone levels which 
may affect the performance in behavioural tasks [36]. 
Besides, that oestrogen and progesterone have been 
shown to influence the enzymes, receptors and trans- 
porter mechanisms associated with neurotransmission, 
which are vital for storage and processing of memories 
[37]. In the light of these findings, the current study 



therefore placed a considerable degree of emphasis on 
male animals to assess spatial memory learning and per- 
formance among offsprings. 

Conclusions 

In conclusion, the current study demonstrates that ma- 
ternal intake of TRF increases the a-tocotrienol level in 
the progeny's brain. This results in better behavioural 
performance and cognitive function development in the 
progeny. Further studies are needed to ascertain the mo- 
lecular correlation between prenatal and early postnatal 
TRF supplementation on the synaptic function and cog- 
nition in the rat model. 

Methods 

Animals 

Female Sprague Dawley rats, n = 2 per group (FO gener- 
ation, 180-200 grams, eight weeks of age), were used in 
this trial to breed Fl male offsprings. Animals with phys- 
ical and locomotor defects that would affect their swim- 
ming ability and their performance in the Morris water 
maze were excluded from the trial. Only (n =10) Fl 
male off-springs were included in the subsequent mem- 
ory and learning trial. In total, 60 animals were used in 
this trial, where 10 were F0 generation female rats, and 
50 Fl male rats derived from these 10 dams. All animals 
were kept singly in polycarbonate cages measuring 
(60 cm L x 45 cm W x 25 cm D), except between par- 
turition and weaning period where each litter was 
housed in a cage. The animals were housed in the Ani- 
mal House Facility, Faculty of Veterinary Medicine, 
Universiti Putra Malaysia. The animals were maintained 
at an ambient temperature of 24°C (± 1°C) with a 
12 hour light and dark cycle. The F0 animals were accli- 
matized for 10 days prior to the start of the trial. Water 
was available ad libitum and animals were fed once a 
day at 0800 h. The experimental protocol was approved 
by the Animal Care and Use Committee, Faculty of Vet- 
erinary Medicine, Universiti Putra Malaysia (UPM/FPV/ 
PS/3.2.1.551/AUP-R88). 

Treatment diets 

The Ridley rat chow (Ridley Agriproducts, Sydney, 
Australia) was purchased from local a supplier and was 
used as a base diet. TRF (Gold-Tri E ™70 Batch No: 
GHB0903060070) with 66-70% purity was purchased 
from Golden Hope Bioganic Sdn. Bhd. Docosahexaenoic 
Acid (DHA) in the form of LONZA DHA FNO was pur- 
chased from LONZA Ltd., Switzerland and was used as 
positive control. The treatments were suspended in 
palm-based product (vehicle) which acted as a carrier to 
deliver the TRF and/or DHA treatment in the diet. The 
vehicle was added at 70 g/kg to the base diet. DHA and 
DTRF diets were fortified with 7 g/kg LONZA DHA 
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FNO (containing 40-46% DHA). The nutrient composi- 
tions of the treatment diets are presented in Table 1. 

Experimental design 

A total of 10 female rats, aged 8-week-old were used. The 
rats were housed individually and maintained on normal 
or treated rat chow. The rats were randomly assigned to 
five groups of two animals each (CTRL, VHCL, DHA, 
TRF and DTRF), and fed with the base diet as control, 
(CTRL), base diet plus vehicle (VHCL), base diet plus 
docosahexanoic acid (DHA), base diet plus Tocotrienol- 
Rich fraction (TRF) (100 mg/kg body weight), and base 
diet plus both docosahexaenoic acid and tocotrienol rich 
fraction (DTRF) diets for 2 weeks prior to mating. The 
treatments (TRF, DHA, and DTRF) were suspended in 
palm based product (vehicle) and laced on a base diet. 
Diets were prepared fresh and fed to animals once daily 
for 2 weeks. At 10 weeks of age, the females were mated 
with fertile males. The females (F0 generation) were 
maintained on their respective treatment diets throughout 
the gestation and lactation periods. Pups (Fl generation) 
derived from these dams were raised with their dam from 
birth till 4 weeks post natal. The male pups were weaned 
at 8 weeks postnatal, at which they were grouped into 10 
animals each and maintained on the same diet as their 
dams for a further 8 weeks. The Morris water maze was 
performed on males when they were about 16 weeks old. 
The sequence of events explaining the experiment is illus- 
trated in Figure 10. 

Cognitive tasks evaluation 
Morris Water Maze test (MWM) 

Testing of spatial learning in a Morris water maze was 
performed as described by Vorhees et al. [38] and [30]. 



Table 1 Nutrient composition of treatment diets 



Ingredients (base diet) 




Amount (g/100 g diet) 




Carbohydrate 






63.3 






Crude protein 






20 






Crude fat 






3 






Crude fibre 






7.3 






Calcium 






0.9 






Phosphorus 






0.5 






Test fat 1 


CTRL 


VHCL 


DHA 


TRF 


DTRF 


Palm based product 2 




7.0 


6.3 


7.0 


6.3 


LONZA DHA 3 






0.7 




0.7 


Total tocopherols (mg/kg) 


5.1 


23.9 


33.8 


294.4 


301.8 


Total tocotrienols (mg/kg) 


0.4 


56.0 


55.9 


705.8 


698.3 


Total Vit E (mg/kg) 


5.5 


79.9 


89.7 


1000.2 


1000.1 



^he base diet was added with 70 g/kg of the vehicle or 63 g/kg 
vehicle + 7 g/kg DHA. 

2 palm based product was used as a vehicle to carry DHA and TRF. 
3 40-46% DHA by weight from Lonza Ltd. 



The maze consisted of a black plastic pool, 120 cm in 
diameter and 55 cm in depth, half filled with tap water 
23°C (±1°C). An escape platform of 10 cm in diameter 
was placed in the centre of a quadrant, and submerged 
2 cm below the water surface. The tank was placed in an 
experimental room and three spatial reference cues 
(shapes of circle, triangle and square) were placed 
around the pool. The pool was divided into four quad- 
rants as zone NW (north-west), NE (north-east), SW 
(south-west) and SE (south-east). The animals perfor- 
mances were recorded by a ceiling-mounted camera 
(DSR-SR47; Sony Corporation, Tokyo, Japan) and ana- 
lyzed with ANY-maze Video Tracking System Software 
(Stoelting Co., USA). Prior to the maze test, all animals 
were examined and verified to be free from physical dis- 
abilities and motor function deficits that would affect 
their maze performance. The test was carried out in 
three phases as described below. 

Spatial acquisition 

This phase evaluated the spatial learning abilities of 
the rats. Improvement in spatial learning is indicated 
by the decreasing escape latencies. Rats had daily train- 
ing for 5 consecutive days with four trials per day per 
treatment regime. On each trial, the rat was placed 
in the water, facing the edge of the pool, at one of 
four pseudo- randomly determined start positions. The 
rats were given 1 minute to locate hidden platform 
which was placed in the centre of SW quadrant. When 
the animal reached the hidden platform, it was allowed 
to rest for 15 seconds. If the animal failed to find 
the platform within 1 minute, it was physically guided to 
the platform. 

Probe trial 

To assess the spatial memory retention, a probe trial 
was performed 24 hours after the last acquisition day. In 
this trial, the platform was removed and the animal was 
released from the opposite site of the quadrant and 
allowed to swim for 1 minute. The relative time spent in 
each quadrant was recorded and analyzed. 

Spatial reversal 

To assess the relearning ability of the animals, reversal 
training, a similar task to the acquisition, was initiated 
24 hours after the acquisition probe trial. Animals were 
trained to find a hidden platform, now relocated in the 
opposite quadrant (reversed) from the initial location. 
The trial was conducted for 5 consecutive days with 4 
trials per day regime. Latency to find platform was de- 
termined in each trial. On day 6, all animals were 
subjected to reversal probe trial. 

Dependent variables chosen for tracking during acqui- 
sition and reversal trials were: latency to the platform, 
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Figure 10 Flow diagram illustrating experimental events. 
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F1 GENERATION 
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DHA 
TRF 
DTRF" 



(n=10 per group) 



total distance swam (path length), average swim speed 
and path efficiency (the ratio of the shortest possible 
path length to actual path length). All these parameters 
are, to a lesser or greater degree, related to goal-directed 
behaviour, i.e. spatial learning. 

The parameters of memory, assessed during the probe 
trial included the time spent in the target quadrant, 
number of entries, number of lines crossing, as well as 
the average duration in the area where the platform lo- 
cated during training. 

Blood and tissue sampling 

After the last learning trials, all the male rats were eutha- 
nized with an overdose of pentobarbital sodium 
(200 mg/kg) (Troy Industries Pte., Australia). 5 ml 
blood was collected with ethylene-diamine-tetra-acetate 
(EDTA) collection tubes via cardiac puncture. Blood 
plasma was then separated by centrifugation and stored 
at -80°C. The whole brains of the male rats were rap- 
idly removed and rinsed with ice-cold phosphate buff- 
ered saline (PBS) to remove blood and blotted to 
remove excess water. The plasma and brain samples 
were stored at -80°C for vitamin E analysis. 

Extraction of vitamin E from the brain tissues 

The vitamin E (tocopherols and tocotrienols) content in 
the brain was determined according to the methods of 
Patel et al. [39], with some modifications. 0.5 g of the 
brain was cut into small pieces. 1 ml of 0.9% NaCl, 1 ml 
of absolute ethanol and 30 ul of 2,2,5,7,8-pentamethyl- 
6-hydroxychroman (PMC) (internal standard, 10 ppm) 
were added into the sample. The mixture was then 
vortexed to ensure proper mixing. This was followed 
by homogenization for 30s in 5 ml of hexane. The 



mixture was vigorously shaken with (IKA- VIBRAX- 
VXR, Germany) shaker for 2 hours and centrifuged for 
2000 rpm for, 15 minutes. The upper layer was collected 
and dried with nitrogen gas. The extracted samples were 
analysed for vitamin E content using a normal phase 
High Performance Liquid Chromatography (HPLC). 

Extraction of vitamin E from plasma 

The vitamin E (tocopherols and tocotrienols) content in 
the plasma was determined according to the methods of 
Nesaretnam et al. [40], with some modifications. 0.3 ml 
of plasma was placed in a 15 ml centrifuge tube. 1 ml 
of 0.9% NaCl, 1 ml of absolute ethanol and 6 ul of 
PMC (internal standard, 10 ppm) and 5 ml of hexane 
were added into the sample. The mixture was vortexed 
to mix. The mixture was vigorously shaken with (IKA- 
VIBRAX-VXR, Germany) shaker for 2 hours and 
centrifuged at 2000 rpm for 15 minutes. The upper layer 
was collected and evaporated under nitrogen gas. The 
extracted samples were analysed for vitamin E content 
using normal phase High Performance Liquid Chroma- 
tography (HPLC). 

HPLC analysis 

The HPLC system used for vitamin E analysis was the 
Agilent 1100 series HPLC machine. The HPLC is 
equipped with Agilent model FLD G 1321 A fluorescence 
spectrophotometer and Agilent Chemstation for LC 
systems Rev. A.06.0x. The mobile phase was hexane: 
dioxin: isopropyl alcohol (970:25:5 v/v). The degassed 
mobile phase was delivered at 1 ml/min flow rate. 
The sample was eluted on a Phenomenex @ Luna 5 uM 
silica (250 x 4.6 mm I.D., 5 uM) column. The detector 
was set at an excitation wavelength of 295 nm and an 
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emission wavelength of 325 nm. The known amount 
of sample was dissolved in 10 \iL of eluting solvent 
and injected into the HPLC The standard solution 
was prepared from 0.05-10 (ig/ml of tocotrienol and 
tocopherol fractions of (a, (3, 5, y) (kind gift from Davos 
Life Sciences, Singapore), and 2,2,5,7,8-Pentamethyl- 
6-chromanol (PMC) (Sigma Aldrich, USA) was employed 
as the internal standard. Quantification of the major com- 
ponents was carried out by comparing the peak areas with 
those of the standards. 

Statistical analysis 

Results were expressed as mean ± 1 standard deviation 
for all datasets. Prior to statistical analysis, all datasets 
were checked for their conformance to the assumption 
of normality. All datasets were subsequently analyzed 
using parameteric tests as they are normally distributed. 
Results for plasma alpha tocopherol and tocotrienol 
levels, acquisition and reversal probe trials were com- 
pared across groups using the one way analysis of 
variance procedure. When repeated interday compari- 
sons are required, the repeated measures analysis of 
variance (RM ANOVA) method was used. Significantly 
different means were then elucidated using the Tukey 
HSD test. All statistical procedures were performed at 
the 95% confidence level using the PASW SPSS soft- 
ware version 18.0. 
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